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MULTI-CHANNEL BINDING IN DATA 
TRANSMISSION 

FIELD OF THE INVENTION 

0001. The present invention relates to communication 
Systems. More particularly, binding a plurality of commu 
nications channels to realize an aggregate throughput 
improvement is disclosed. The binding feature may be added 
in a manner that preserves compatibility with existing Stan 
dards-based wireleSS data Systems. 

BACKGROUND OF THE INVENTION 

0002 Existing digital wireless communication systems 
communicate on a Single RF channel, as shown by a prior-art 
standards-compliant client transceiver 120 in FIG.1. Trans 
ceiver 120 receives and transmits digital data via data I/O 
122. This data is sent and/or received via antenna 124 to an 
access point 110 over a Single data channel centered about 
a single RF frequency as illustrated by spectrum 140. An 
example of Such a Standards-compliant client is the com 
mercially-available Netgear model WG511 PCMCIA 
802.11b/g wireleSS networking adaptor. 
0.003 Although technological advances have increased 
the available digital throughput for any particular assigned 
frequency channel in a given band, there is always a desire 
to Send data ever more rapidly or with greater integrity than 
can be accommodated with the Single-channel approach. 
Thus, there is a need in the art for a method and apparatus 
for binding a plurality of data channels together to achieve 
aggregate throughput improvement including data rate and/ 
or data integrity improvement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Various embodiments of the invention are dis 
closed in the following detailed description and the accom 
panying drawings. 

0005 FIG. 1 is a block diagram of a digital communi 
cation System showing a prior art communication channel 
and an advanced communication channel. 

0006) 
CaSt. 

0007 FIGS. 3A-3C are block diagrams illustrating digi 
tal communication System encoderS. 
0008 FIG. 4 is a diagram illustrating a selectable band 
pass filter. 

FIG. 2 is a diagram illustrating a spectrum broad 

DETAILED DESCRIPTION 

0009. The invention can be implemented in numerous 
Ways, including as a process, an apparatus, a System, a 
composition of matter, a computer readable medium Such as 
a computer readable Storage medium or a computer network 
wherein program instructions are Sent over optical or elec 
tronic communication linkS. In this Specification, these 
implementations, or any other form that the invention may 
take, are referred to as techniques. In general, the order of 
the Steps of disclosed processes may be altered within the 
Scope of the invention. 
0010) A detailed description of one or more embodiments 
of the invention is provided below along with accompanying 
figures that illustrate the principles of the invention. The 
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invention is described in connection with Such embodi 
ments, but the invention is not limited to any embodiment. 
The scope of the invention is limited only by the claims and 
the invention encompasses numerous alternatives, modifi 
cations and equivalents. Numerous specific details are Set 
forth in the following description in order to provide a 
thorough understanding of the invention. These details are 
provided for the purpose of example and invention may be 
practiced according to the claims without Some or all of 
these Specific details. For the purpose of clarity, technical 
material that is known in the technical fields related to the 
invention has not been described in detail so that the 
invention is not unnecessarily obscured. 

0011 FIG. 1 shows an access point transceiver 110 in 
digital wireleSS communication with both a client trans 
ceiver 120 according to existing digital data wireleSS Stan 
dards and a client transceiver 130 according to bound 
channel communications techniques detailed herein. A 
Single channel 140 is used to communicate between trans 
ceivers 110 and 120 while a plurality of bound channels 150 
are used to communicated between transceivers 110 and 
130. The binding of multiple channels has the effect of 
improving aggregate throughput as will be described in 
detail herein. Multiple channels are considered bound if they 
are instantiated by a Single association between advanced 
data transceivers. Multiple channels can be bound among 
multiple channels in a single band or multiple channels in 
multiple bands. Although any arrangement of channels can 
advantageously be used when bound, Some channel arrange 
ments have further advantages as will be detailed below. 

0012 FIG. 2 illustrates a comparison of the prior art 
Spectrum 140 with a spectrum generated and received in one 
embodiment 152. The spectrum 152 shows three adjacent, 
non-overlapping transmission channels wherein the center 
channel is designated the master channel 156. The Secondary 
channels 158, 159 occupy channels substantially equally 
above and below the master channel's center frequency. 
0013 This arrangement of channels is advantageous 
because when pairs of channels equally offset from a center 
frequency are operated contemporaneously, undesirable arti 
facts of the modulation of one channel upon a carrier are 
manifested in an equally but oppositely displaced, occupied 
channel. These artifacts might otherwise require expensive 
Suppression to meet the requirements of, for example, the 
wireless data communications standard IEEE-802.11a. 
These artifacts are of less importance in prior-art Single 
channel Systems or in the Single master channel in Some 
embodiments. 

0014 FIG. 3A shows the interconnection of elements 
forming the data encoding and modulation portion of one 
embodiment. A Software device driver receives and pre 
processes data for transmission. The preprocessing per 
formed by the device driver includes tagging data that can be 
transmitted by bound channels. An incoming, data Stream 
301 is received by data distributor 300. Data distributor 300 
functions to detect tagged data and allocate Streams of data 
to a plurality of encoding channels. Tags may be inserted 
into data stream 301 by the device driver. If data distributor 
300 does not detect such tags, then all data is directed to 
master channel data stream 304. If data distributor 300 does 
detect tags, then data is distributed among a plurality of data 
Streams. In the embodiment shown, a multiplexer Selectively 
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feeds three buffers, which output data streams 302,304 and 
306. Data streams 302, 304 and 306 are output to their 
respective packet generators 312,314 and 316. Data stream 
304 is allocated to the master channel and streams 302 and 
306 are allocated to secondary channels. In some embodi 
ments, data distributor 300 allocates the data stream that 
requires the longest transmit time to the master channel and 
further distributes input stream data to data streams 302 and 
306 Such that their transmit times are substantially equal. 
0.015 Packet generators 312,314 and 316 packetize data 
in each channel in an appropriate manner. In Some embodi 
ments, packetizing is implemented as is described in the 
IEEE-802.11a standard. IFFT processors 322, 324 and 326 
Similarly process the packetized data into baseband encoded 
signals 323,325 and 327, respectively. Baseband signals 323 
and 327 comprise the Secondary channel Signals and are up 
converted and down converted by complex carriers 333 and 
335 respectively, carriers 333 and 335 having a frequency 
equal to the RF band channel spacing. Muxes 340, 342 and 
344 allow Selective passage of the baseband Signals from 
each chain to Summer 348. The output of Summer 348 feeds 
a digital baseband signal to analog converter (DAC) 350. 
The baseband output of DAC 350 is mixed with a local 
oscillator Signal 356 whose frequency places the output 
Signal on a Selected channel of a chosen RF band. 
0016 Packet generator 314 is associated with the master 
channel and generates beacons in a manner Substantially as 
described by existing standards such as IEEE-802.11a. The 
beacon generation in the packet generators 302 and 306 
asSociated with the Secondary channels is disabled by the 
device driver in Some embodiments. 

0017 Power amplifier 354 boosts the mixed signal to a 
level suitable for transmission. Selectable bandpass filter 
(BPF) 360 is, in one embodiment, set to a single-channel 
width when only the master channel is active and a three 
channel width when two adjacent Secondary channels are 
active. In a dual-band embodiment, power combiner 362 
combines the output of power amplifier 352 and BPF 360 to 
feed antenna 114. 

0.018. The chain of processing from data stream 301 
through the output of DAC 350 represents a baseband 
encoder chain. The chain of processing from the input of 
mixer 336 to the antenna 114 represents an upconverting 
transmitter chain. 

0019 FIG. 3B shows the interconnection of elements 
forming the data encoding and modulation portion of 
another embodiment. Here, the three packet streams 323, 
325 and 327 are generated as before. Now, however, they 
feed muxes 342, 340 and 344 directly. The outputs of the 
three muxes are connected to a 256-point IFFT block 370. 
256-point IFFT block 370 creates, in one processing step, an 
equivalent digital representation of three frequency-adjacent 
channels as from the output of Summer 348, above. The 
output of 256-point IFFT block 370 feeds DAC 350 and the 
remainder of the output chain (mixer 336, PA354 and BPF 
360 connected to antenna 114) as in the previously-de 
scribed embodiment. 

0020 FIG. 3C shows the interconnection of elements 
forming the data encoding and modulation portion of yet 
another embodiment. Here, the three packet streams 323, 
325 and 327 are generated from a common input data stream 

May 12, 2005 

301. Muxes 342, 340 and 344 control packet data inputs to 
256-point IFFT block 370. In this manner, three frequency 
adjacent channels of redundant data are created. The output 
of 256-point IFFT block 370 feeds DAC 350 and the 
remainder of the output chain (mixer 336, PA354 and BPF 
360 connected to antenna 114) as in the previously-de 
scribed embodiment. 

0021 Reception of bound streams is performed by hard 
ware Symmetric in function to the encoding described 
above, data is received on a master channel and one or more 
Secondary channels, with data receiverS replacing transmit 
ters, FFT blocks replacing IFFT blocks and a data combiner 
replacing the data distributor. 
0022 FIG. 4 shows in block diagram and frequency 
spectrum form the use of the selectable bandpass filter (BFP) 
360. Select line 362 chooses either narrow or wide mode. In 
the embodiments above, the narrow Setting imposes a 
Single-channel-wide bandpass shape on the transmitted Sig 
nal in order to attenuate Spurious Signals in adjacent chan 
nels when they are not in active use. When select line 362 
chooses wide mode, the BPF 360 imposes a 3-channel-wide 
bandpass shape on the transmitted Signal. In Some embodi 
ments, both filter bandpass shapes share a common center 
frequency. A coincident center frequency configuration is 
easier to design and manufacture. 
0023. When an access point transceiver and a client 
transceiver Seek to communicate, the client, in accordance 
with existing standards and practice, would listen for a 
beacon Signal from the access point and then enter into an 
eXchange that establishes an association. An example of the 
association process is described in S11.3 of the IEEE 
802.11-1999 standard. Various extensions of the association 
process allow for Vendor-specific features to be advertised to 
and accepted by a client device (for example, Atheros 
Communications existing “Turbo Mode”). The channel 
binding feature is similarly treated as another form of 
vendor-specific extension to the association process. 
0024. The present invention has been described above in 
connection with a preferred embodiment thereof; however, 
this has been done for purposes of illustration only, and the 
invention is not So limited. Indeed, variations of the inven 
tion will be readily apparent to those skilled in the art and 
also fall within the scope of the invention. 
0025. Although the foregoing embodiments have been 
described in Some detail for purposes of clarity of under 
Standing, the invention is not limited to the details provided. 
There are many alternative ways of implementing the inven 
tion. The disclosed embodiments are illustrative and not 
restrictive. 

What is claimed is: 

1. A method of Sending data over a wireleSS data channel 
including: 

transmitting data over a master channel wherein the 
master channel corresponds to a Standard channel; and 

transmitting data over a Secondary channel that is bound 
to the master channel. 

2. The method of claim 1, wherein the transmitted master 
channel and the Secondary channel are combined at a 
baseband frequency. 
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3. The method of claim 1 wherein the master channel and 
the Secondary channel are adjacent in frequency. 

4. The method of claim 1 wherein the master channel and 
the Secondary channel are on different frequency bands. 

5. The method of claim 1 wherein the number of second 
ary channels is even. 

6. The method of claim 1 wherein the separation of the 
Secondary channels spans an odd number of unused chan 
nels. 

7. The method of claim 1 wherein only the master channel 
negotiates MAC association. 

8. The method of claim 1 wherein only the master channel 
transmits a beacon Signal. 

9. The method of claim 1 wherein only the master channel 
responds to a probe Signal to initiate a MAC negotiation. 

10. The method of claim 1 wherein the master channel 
provides flow control for the master channel and the Sec 
ondary channel. 

11. The method of claim 1 wherein the master channel 
provides flow control for the master channel and the Sec 
ondary channel and wherein the flow control is CSMA. 

12. The method of claim 1 wherein CSMA carrier sense 
is Sensed on the master channel and the Secondary channel. 
13. The method of claim 1 wherein the master channel 
provides flow control for the master channel and the Sec 
ondary channel and wherein the flow control is RTS/CTS. 

13. The method claim 1 wherein the master channel and 
the Secondary channel carry independent data packets. 

14. The method of claim 1 wherein the master channel and 
the Secondary channel carry independent data packets and 
wherein transmitting of the independent data packets results 
in Substantially the same transmit duration on the master 
channel and the Secondary channel. 

15. The method of claim 1 wherein the master channel and 
the Secondary channel carry independent data packets and 
wherein transmitting of the independent data packets results 
in the transmit duration on the master channel exceeding that 
of the Secondary channel. 

16. The method of claim 1 wherein the master channel and 
the Secondary channel carry common-coded data packets. 

17. The method of claim 1 wherein the master channel and 
the Secondary channel carry common-coded data packets 
and wherein transmitting of the common-coded data packets 
results in the transmit duration on the master channel 
exceeding that of the Secondary channel. 

18. The method of claim 1 wherein the master channel and 
the Secondary channel carry common-coded data packets 
and wherein encoding of the common-coded data packets is 
performed by the same convolutional encoder. 
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19. The method of claim 1 wherein the master channel and 
the Secondary channel carry redundant data packets. 

20. The method of claim 1 wherein the master channel and 
the Secondary channel carry redundant data packets and 
wherein the redundant data packets are combined to mini 
mize an estimate of decoded bit error. 

21. A method of receiving data over a wireleSS data 
channel including: 

receiving data over a master channel wherein the master 
channel corresponds to a Standard channel; and 

receiving data over a Secondary channel that is bound to 
the master channel. 

22. A wireleSS data transmitter including: 
a Source of data to be transmitted; 
a data distributor connected to the data Source wherein the 

data distributor Splits the data into a plurality of Stream 
outputs, and 

a plurality of data output channels connected to the 
plurality of Stream outputs wherein one of the data 
channels is a master channel that corresponds to a 
Standard channel and one of the data channels is a 
Secondary channel that is bound to the master channel. 

23. A wireless data transmitter as recited in claim 23 
wherein the data distributor distributes copies of the data 
from the data Source to the plurality of Stream outputs. 

24. A wireleSS data transmitter as recited in claim 23 
wherein the data distributor distributes different portions of 
the data from the data Source to the plurality of Stream 
outputs. 

25. A wireless data transmitter as recited in claim 23 
further including a plurality of IFFT processors wherein 
each IFFT processor processes one of the Stream outputs. 

26. A wireleSS data transmitter as recited in claim 23 
further including Single IFFT processor that handles a plu 
rality of the Stream outputs. 

27. A wireleSS data receiver including: 
a plurality of data channel processors, and 
a data combiner connected to the plurality of data channel 

processors configured to combine data from the data 
channels to recover a data Stream transmitted over the 
channels wherein one of the data channels is a master 
channel that corresponds to a Standard channel and one 
of the data channels is a Secondary channel that is 
bound to the master channel. 


